Seventy-eight clinical isolates and four control strains of viridans streptococci were tested in parallel for arginine hydrolysis by five different methods. These comprised two commercial systems, the API20 STREP and Vitek GPI card, two published methods, one based on ammonia production and one on alkalisation of Mseller's decarboxylase medium, and a method based on alkalisation of a phenol-red broth medium dispensed into microtitration plates. The clinical isolates were speciated by their biochemical reactions in the API20 STREP and API20 ZYM systems. One strain produced only a weak reaction for arginine hydrolysis in the medium by ammonia production, but otherwise the results with this medium, the API20 STREP and the microtitration plate method were identical. Tests with the Mseller decarboxylase medium and Vitek GPI card gave negative results with isolates that were positive by other methods. Inoculum size was shown to influence arginine hydrolysis obtained with Streptococcus sanguis NCTC 7863 and S. miZZeri 10713.
Introduction
Arginine hydrolysis is a key reaction in the identification of viridans streptococci. In the scheme proposed by Beighton et al. [I] , all the species except Streptococcus crista were positive or negative for this reaction, and in the scheme of Kilian et al. [2] only S. mitis was reported to have arginine-positive andnegative biovars. However, several publications have described discrepancies in arginine hydrolysis results for the same organism when more than one method was used. For example, French et al. [3] reported that 12 strains of S. sanguis gave negative results by Cowan's agar method, but positive results with the API20 STREP system. Fertally and Facklam [4] used five methods for arginine hydrolysis and found that all produced some negative results with strains that were expected to be positive. They reported that Niven's method gave positive results with only 13% of 54 strains expected to be positive. Recently Beighton et al. [5] identified an isolate from the blood of a neutropenic patient as S. oralis. It was positive for arginine hydrolysis in the API20 STREP system, but was presumably negative by their method, having been classified as S. oralis.
~~~ ~~~ ~~
There is increasing evidence that viridans streptococci differ in their ecology and pathogenicity [5, 6] , but if identification includes discrepant results for arginine hydrolysis, organisms will be incorrectly speciated. Most of the clinical isolates in the present study were from neonatal and paediatric blood cultures, routinely identified by the API20 STREP system and Vitek GPI card inoculated and incubated in the Vitek incubatorreader. The two systems often gave different species identities, and differed in individual test results, notably in arginine hydrolysis. Therefore, clinical isolates and reference strains of viridans streptococci were tested for arginine hydrolysis by the two commercial systems, in parallel with three conventional methods, and the effects of inoculum size and growth atmosphere on arginine hydrolysis obtained with S. sanguis NCTC 7863 and S. milleri 10713 were investigated. McFarland's standard 4; two drops of sterile paraffin oil were dispensed into the inoculated wells. Vitek cards were put into the Vitek incubator reader at 35"C, and the other media were incubated at 37°C with the lids of the bottled media tightly closed.
Materials and methods

Bacterial strains
Results for the Vitek GPI card were recorded from the laboratory print-out; results for the API ZYM were recorded after incubation for 4 h, those for the API20 STREP at 4 and 24 h and the microtitration plate method at 24 h. Results for the Waitkins' method and that of Facklam and Wilkinson were read after incubation for 5 days, following the addition of 0.5 ml of Nessler's reagent to the Waitkins' medium.
Dextran production was detected by the production of hard glossy colonies on Tryptone Soya Agar (Oxoid CM13 1) with sucrose 5%. Alkaline phosphatase activity was recorded from the API20 STREP and API20 ZYM galleries and N-acetyl-P-D-glucosaminidase activity from the API20 ZYM [2] gallery.
Results
Biochemical results for the API20 STREP galleries and Vitek GPI cards were recorded. Isolates were not speciated on the basis of these systems as neither the APILAB API20 STREP (V5.1) nor Vitek GPI computer software identifies viridans streptococci according to current species descriptions [ 1, 2] . Clinical isolates were classified by the scheme of Kilian et al. [2] based on their API20 STREP results for arginine and aesculin hydrolysis, the Voges-Proskauer reaction, the presence of alkaline phosphatase and N-acetyl-P-D-glucosaminidase and dextran production on sucrose 5% agar (Table 1) . This scheme recognised six species, including both biovars of S. mitis. Isolates that did not conform to this classification were not included in the comparative study. NCTC strain 7863 was identified as S. sanguis, NCTC 10712 as S. mitis biovar 1, NCTC 10713 as S. anginosus and strain AR-3 as S. oralis.
Results for arginine hydrolysis by the five methods are shown in Table 2 . The API20 STREP, Waitkins' method and the microtitration plate method gave identical results except in the case of one strain of S. mitis biovar 1; this was consistently only weakly (Table 2 ). Factors associated with these anomalous results were investigated further.
S. sanguis NCTC 7863 and S. milleri (S. anginosus)
NCTC 10713 were always positive for arginine hydrolysis in the API20 STREP system; S. mitior (S. mitis) NCTC 10712 and S. oralis AR-3 were always negative. This applied both to cultures incubated anaerobically, as recommended by the API20 STREP manufacturers, and in air with C02 10% as used by French et al. [3] . The intensity of the positive colour in the arginine well after incubation for 24 h was greater with cultures of strain NCTC 7863 incubated anaerobically, although the result was clearly positive with both methods of incubation. Arginine hydrolysis for NCTC strain 7863 in the Vitek GPI card was invariably negative with cultures grown anaerobically or in C02 lo%, even when the inoculum density was increased from 0.5 to 2 McFarland units. Vitek GPI arginine hydrolysis results for clinical isolates of S. sanguis, S. gordonii and S. mitis biovar 2 were negative in identification results printed after incubation for 5-12 h, whereas the E. faecalis control was consistently positive after incubation for 4-5 h. The GPI arginine result for S. milleri (S. anginosus) NCTC 10713 was positive after incubation for 15 h. Results obtained for arginine hydrolysis with clinical isolates of S. anginosus with the Vitek GPI card varied; those printed at d 12 h were usually negative. Repeat testing performed on some isolates of S. anginosus showed that although in most cases results were consistent, the same strain could give either a negative or a positive result with the Vitek GPI card. The Vitek GPI card results given in Table 2 are those obtained when the five methods were used in parallel. Niven's original medium contained glucose at 0.5% [9, lo] ; however, the formula given by Waitkins et al. [7] did not include glucose, but was otherwise identical to that of Niven except for the inclusion of agar 1%. In the present study, the Waitkins' medium was prepared with and without glucose and, using the inoculum described, no difference was found in arginine hydrolysis results with either control strains or clinical isolates of viridans streptococci.
Also, multiplication of clinical isolates and control strains was observed in the Waitkins' medium, by the production of visible growth after incubation for 24-72 h, even with inocula of c. lo3 cfu. Visible growth was not always observed in the Facklam and Wilkinson medium, although the rise in pH associated with arginine hydrolysis occurred within the first 72 h for strains that produced positive results. Therefore, incubation of these two media for as long as 5 days may be unnecessary. The API20 STREP and phenol red microtitration plate method were inoculated with bacterial populations > 1 O9 cfu and sometimes produced positive results within an incubation time of 6 h.
This work suggests that negative results for arginine hydrolysis with strains of viridans streptococci expected to be positive are a consequence of the use of media that are inadequate for growth, to the metabolism of these organisms from the sizes of inocula used, or to the incubation period employed.
